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1 HOLE INSPECTION METHOD AND APPARATUS Field of
Invention The present invention generally relates to apparatuses and
methods for inspection of an 5object. In particular, the invention relates to
an apparatus and a method for inspecting internal surfaces of a hole in an
object. Background Many manufacturers routinely perform inspection on
their manufactured products. 10This is typical of quality control measures
where products that are defective are identified so as to control the quality

of the manufattGrel phbeicts T MN M fabrdxbilp AGRATR Y HlRre

inspection on the products' interior surfaces, such as nut holes.
Conventional methods of performing a hole inspection typically involve 15
il ik lsvardi®hera for capturing an internal surface of the hole. The

camera and the manufactured product are usually rotated with respect to
A Gt VBPUER RPN S PSR A ISR AT P ENgRS AtaFgEction of an
shjdecein paryeasesiniim samelatent the apearafasted pietlugtfarenspecting

rotate b\ﬁthreqeqfuuadred 20 aE_d sixty degrees relative to each other. The
'@ét?ﬂl-ﬂjasg BRI 2 ARANBYAGE complete all round view of the internal

surface as the camera or product completes the rotation. The captured
'mage of the interior of the manufactured product is then used to identify
%6? ﬂﬁ%'ijﬂgfects on the interior of the product. 25However, the

pRIAYenimndEmethodsnfredyfperingnhdlepasmction tesr umdasfialyednmgoducts.
onsuming due to the time required for rotating the camera with respect to

R B LR S R Ry RGO HAR BBl ceTEctive are

idenfofigtng hote tosped tionqarigostlyhton¥hifietene pirbdeasise a rotating

mechanism is required for rotating the manufactured product. The rotating

mechanism also produces vibration that undesirably affects the quality of
Wangaenapofaneddy it comegnitio ddprribods. th2 prothetmadneerior surfaces, such

OB B R R R R Py e
thaplgsafe_ﬂ bw&hmmeﬂﬁmﬁhgwténﬂamhwﬁmmmum&sirih¢QWera and the
S g e T BT e o
aahpletrgdl e idensHatdimgraslrestdtein poor pixel resolution
characteristics. Figs. 6a and 6b depicts prior art systems for hole

inspection. With reference to Fig. 6a,
In many cases, the camera and the manufactured product are rotated by three hundred

and sixty degrees relative to each other. The camera subsequently captures the
complete all round view of the internal surface as the camera or product completes the
rotation. The captured image of the interior of the manufactured product is then used to

identify potential defects on the interior of the product.

However, the conventional methods of performing hole inspection are undesirably time
consuming due to the time required for rotating the camera with respect to the

manufactured product.

Additionally, the conventional methods of performing hole inspection are costly to
implement because a rotating mechanism is required for rotating the manufactured
product. The rotating mechanism also produces vibration that undesirably affects the

quality of images obtained by the conventional methods.
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an optical system 600 consisting of a camera 602 and an optical module

604 is mounted 10 on a rotary mechanism (not shown) that rotates around

a central axis 606. A rotary table (not shown) moves the optical module

604 to three different positions 1,2,3 where three images, namely image 1,
image 2 and image 3 of an object 608 are captured. An illuminator 609 is

used to illuminate the object 608. Depending on the purpose of the

inspection or the object to be inspected, more of such positions can be
etierioasBatANME R |irhiess Tis seerieagertano bubwgatafydo not possess
ADRRSERR bt cersraller A thatidantiien dRIRGIMBRCIMAGIESRiured by the

images and determines if the object 608 is good™or faulty by comparing
GABpeTIenabaTETieEIBr A0 PR deneR IREaSHIRIE JowrEUgiNyn BRagRe A ARfpFUSSed

isysqgé.s AGABLUBYSIFRLBY SR YFRERN LY IthsBBcHeRIGRANKNGT BIRE@ Lrucial

em 700 wherein the Object 608 is rotated instead of the optical module
GoensieRapribfoaralienehecroseiCARRENY tBe PayspReL iR asisjsessitsatn poor
ﬂ%ﬁ%ﬁﬂi% negidmraigesand weight or in cases where the optical
module cannot be rotated due to spatial or design limitations. In this prior
art system, the object 608 is rotated while the optical module 604 captures

BIR06S '3 BRIRES IR ALRRYSIGh< T BRR INLBR@SODIAdEsSERE: to Fig. 6a,

same effect as the prior art system 600 of Fig. 6a. In the foregoing &{lor

) opjisal MsE0DEED OO RRIstINA O fagamaiA 6 Wapdransentisal MAdgleS4ismounted
Sy HSISSirRBhAKEE. (Rt SRBWAYISRA LRSS IRAHESRARATa%RSE06. A rotary

several images to produce images for insgétlaction. Additionally the system

8Bl G RYBLBIRYSHPOBEISH Sadelnsls imtusdiiprerPatiEqpshe. 3 where
thRadifayee ﬁa%@?ﬁrﬁﬁ@’eeﬂq{%%é@%ﬁ&'%@@.@o’@ﬁ%&@@t%Bﬁocﬂlefl%iﬁuiﬁd. An

604 or the object 608. Information on the rotation of 3 the optical module

idomiiatae Gl desed 1e theminaethgion)asicbtBntiRangitg aR thgdutingse of the

im&f%mﬁr(ﬁfstﬁ@gtﬂé&%@@'ii?éﬁe?ﬂétﬂ%W@%?%B&%%’ésitﬁﬂ?@ﬂﬁﬁ@%éﬁﬁﬁ%f%)btain
need for inspecting internal surfaces of a hole in an %gﬂjed without

BRI UITNAGEthe JE: 1BeEFoROMAIRPIHERIRCABSARIGIKIV APRECHER 610 that

RSBy &Wﬁiﬁ‘%&ﬁiﬂﬂ!ﬂéQQ% s”&_ﬂcﬁﬂ@f@rm@ﬁ* e f@lﬁ@ét@fdﬂ?“i’s good or
hole. Summary _ Embodiments of the invention disclosed herein involve

irtdbechg GREBPAENGUARRESIER aPROMBRICHS a1l ot YRMiRsLL FERRIFRg Thethrough
ReisaHmARy etaliveaivgirriaretks Sbespiang ussaccordance with a first

embodiment of the invention, there is disclosed an inspection method. The
inspection method comprises directing an illuminating light towards a hole

gV 619 dMRCBXEFRITNEIESr ARG ARy BT RO G WifRea ietie gjeet bebeenidhal Iistead of

two extremities. The inspection method also comprises receiving Iig

ction ht .
thenQptictlamedeisEPad frbis BRIOTMENTHFEMm408 thraagmal e vseds damipRpecting
dBRieNhassRBBh PG feaiderin Ohhie \date et alde ABleREINESRIEM module

two extremities of the hole. The inspection method further comprises

QIR Aaat e e TafRl HeRendiMURRAES alf TS PRI ARESFHeM, the object
soterapdtatdagR Reingoptiesiantalii iopeas aaienteSot iReagse@®ds at several

preset intervals to produce the same effect as the prior art system 600 of Fig. 6a.

In the foregoing prior art systems 600, 700, the time required to capture several images
is not only undesirably long, the controller 610 is also required to process several
images to produce images for inspection. Additionally the system cost of the foregoing
prior art systems is undesirably high due to the need to use a motor and encoder module

612 to rotate the optical module 604 or the object 608. Information on the rotation of
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20 performing image processing and inspection of the flat image to
thereby inspect the internal surface of the hole. In accordance with a
second embodiment of the invention, there is disclosed an inspection
apparatus comprising an illuminator for directing an illuminating light 25
towards a hole having two extremities g1d an internal surface extending
between the two extremities. The inspection apparatus also comprises a
lens assembly for receiving light beam reflected and scattered from the

thitePREFeLmaskIarfDfopinibe vkl 4R Horsiriseeliatl Sofideimeien!ipe 610 for
RaseRREARANEMOa0) deRIPIBLfBl Fidsadinaatisnal between the two

emifles of the hole. The inspection apparatus further comprises an
30image capturing device for capturing the flat image of the internal

PHEFBGE RRra 298 0GR IR IReRvTREFRYIOBrSURSTMIAobject without

in-focus along the flat image, and a 4 processor for performing image

IeFbiEBgirtheanbinss geche oty idisRjacesitrae By iptdpettrtie aitariasult by
iPepem QL ER I PndE Fr RS IRERE ARG IRV iR eRdIPodiments of

the invention are disClosed hereinafter with reference to the drawings, in

which: Fig. 1 is a flow diagram of a method for hole inspection according

@ firstyembodiment of the invention. Fig. 2 is a cross-sectional view of

an apparatus for hole inspection according to an embodiment of the
mveodiorensgpf 3hs merosnseistimsed Viensioiravtdns iasgectibtyiofetinal surfaces of a

apparatus,of Eig..2: Fig. 4 is.an image aof a through-hale captured, by the
e R TN S G R AR U
through-hole with screw nut tracks captured by the apparatus of 20Fig. 2

at uses back lighting; and Figs. 6a,.and 6b are schematic diggrams of
A R a0 B AT S R B R osea an
iespieciiam emethotl th& nevimspectice atee tooth speytiispsndénetdinguafackbsnoinating light
file R anspiseinineys anrngdhe iRk ia e gitenaly AisRIAgEcen the
onventional methods of performing inspection are undesirably time
vonsyutrangtidae {BhaOispatherewrived rorotatipgstseredgpenghhighynefieeted and

Sunehesl e S spupes B RAre SRORUEI) HRREER oty rving o

orming Inspection are also co
depth of field extending at least between the two extremities of the hole. The

inspection method further comprises capturing a flat image of the internal surface on an
image plane, the internal surface being substantially in-focus along the flat image, and
performing image processing and inspection of the flat image to thereby inspect the

internal surface of the hole.

In accordance with a second embodiment of the invention, there is disclosed an
inspection apparatus comprising an illuminator for directing an illuminating light
towards a hole having two extremities and an internal surface extending between the
two extremities. The inspection apparatus also comprises a lens assembly for receiving
light beam reflected and scattered from the internal surface and for imaging the interior
surface into a flat image, the lens assembly having a depth of field extending at least
between the two extremities of the hole. The inspection apparatus further comprises an
image capturing device for capturing the flat image of the internal surface on an image
plane, the internal surface being substantially in-focus along the flat image, and a
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S implement because manipulation means is required for displacing the
object and the inspection device relative to each other. For purposes of
brevity and clarity, the description of the invention is limited 5 hereinafter
to applications related to inspecting the internal surfaces of a hole in an
object without requiring the object to beyrotationally displaced. This
however does not preclude embodiments of the invention from other
areas of application that facilitates inspection of the interior of an object
RURERSSOTdQURRREP tRENShiBeoRsecRstAtibAafyiRfRptHeadfTthe flabdaatsnialthereby
Ilﬁ’g@g{lwe Wﬁ?@ﬁﬁ@%ﬁﬁ%%‘?’ﬂﬁ@ﬂ&é?pon which 10 embodimen_ts of the
invention are based shall remain common throughout the various
embodiments. An exemplary embodiment of the invention is described in

F?étﬁregﬁ?qigﬁ@mﬁ@rd'ﬁa@ﬁ?@@dame to illustrations provided in Figs. 1
g AW

to 5 of the drawings, wherein like 15elements are identified with like
Earbpsiipenis Afdhadnyentiomace ifglappshharandiemaboedees@dsciisatiawings,
ineiBiagfter for addressing the foregoing problems. 20 Fig. 1 shows a flow
diagram of a method 10 for inspecting a hole of an object, according to an
exemplary embodiment of the invention. The method 10 involves a step

Hig.Of diceglingh@n Hi%'@zg&ﬂ?‘tm HORCIRYERTELT thBIBOIRspERE OIS BaRIMYC to a first

extremities and an internal surface that extends between the two
AR RN S 3 BVRBHRS 10 also comprises a step 14 of directing light
reflected and scattered from the internal surface of the hole to a lens
assembly. The method 10 also comprises a step 15 of imaging of the
g rddf S AERSS-SFaliNALM AW b IR EARY AHaJEr TREEMIREPREIAMAgeording to an
shpvfighdstalls ialthedaternal surface of the hole. The method 10 also
comprises a step 16 of capturing and converting the flat ring image from
optical to 30digital form. The method 10 further comprises a step 18 of
PPEERANIRLPERRAtNSTT HaAiNGJEAasS &9 therpByriisPeekige;
internal surface of the hole. 6 In accordance with an exemplary
embodiment of the invention, an apparatus 100 for inspection is described
righsefeienaade &tig- tRroligR-ABRAANUS &PB CO PSRN DOEIY P -hat uses back
illuminating source 102 for directing an illuminating light beam 103

fs a hole 104, which is cylindrical. The hole 104 is formed in an
object 106, such as a 5 through hole in a manufactured product. In this
embodiment of the invention, illuminating sources 102 are used to direct

Fitgh Ot 5 3ee HtdhraUIFhel R ua B UL HHRGKS,GRBHIGA Rsthg apparatus of
sReonfe e miykliighang; andnternal surface 112 that extends between

the first and second extremities 108, 110. The first extremity 10 108 is

closer to the apparatus 100 than the second extremity 110. The hole 104
rSeithg biadtBEratg RdtelaRica Rlipehiode pFioe dtspstating sources 102 are
operated accordingly to provide lighting to either the through hole or the

blind hole. The illuminating source 102 provides white, coloured or
DA IOsseY ligfidior 15 illuminating the hole 104. Examples of the

illuminating source 102 are fluorescence light tubes and white, coloured,

Widh oefetamee lightharinang ng@des iipdimentsr ehthicalnggntieontalaeston ingpecting

_ I : hale, Hlumination is. g _
e B e L R Qe T ftetionaly
displasesl blind hole, the illumination is preferably directed at the first

extremity 108.

Conventional methods of performing inspection are undesirably time consuming due to
the time required for rotating the object through three hundred and sixty degrees.
Furthermore, cconventional methods of performing inspection are also costly to
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20 The apparatus 100 also comprises a lens assembly 116. The

illuminating light beam 103 is reflected and scattered from the internal

surface 112 of the hole 104 of Fig. 2 towards the lens assembly 116 The

lens assembly 116 is preferably positioned immediately over the first

extremity 108 of the hole 104. 25 Fig. J;is a detailed diagram of the lens
assembly 116 of Fig. 2. Fig. 3 also shows paths of light rays 117 that pass
through the lens assembly 116. More specifically, the lens assembly 116
imniegnemt@ﬁ@pu@w@rﬁmﬂaﬁ@nmweﬁ ieakiead Zonirdiselasing ghey deieshand the

&7 @i lens 133 cadontil ens 124 and a fifth lens 126.

A ernatively, the 30plurality of lenses is replaceable by prisms for

achieving similar optical effects. 7 Each of the first to fifth lenses 118,

120, 122, 124, 126 preferably is positioned along a central axis 128 of the
’f@ﬁs%@@ﬁ%l@ﬁﬁew% aBAtElRERs 108 PrefERINN cointigeiVaiHifRe is limited

H@F@WQB%IW%QQ@M@ iShedtiRy hEXRIBPIAYRIREPEF @f Hofke in an

design of the lens assemb% is described hereinafter. The specific

%hlﬁ@tﬁymbf%wwf% tdoriRe ntatiesa adisplacad o Thisfowpeyasdoes not
el @k bR fismstianied iheclanmassamheld@aremipyidaddn Tbledilitates

below. Surface Radius (mm) Thickness (mm) Diameter (mm) Lens Type

iNcRectian F e ipterior of an object without requiring the object to be rotationally
displaced. =~ The fundamental inventive principles and concepts upon which
embodiments of the invention are based shall remain common throughout the various

embodiments.

An exemplary embodiment of the invention is described in greater detail hereinafter in
accordance to illustrations provided in Figs. 1 to 5 of the drawings, wherein like

elements are identified with like reference numerals.

A method and apparatus for inspection is described hereinafter for addressing the

foregoing problems.

Fig. 1 shows a flow diagram of a method 10 for inspecting a hole of an object,
according to an exemplary embodiment of the invention. The method 10 involves a
step 12 of directing an illuminating light towards the hole. The hole has two

extremities and an internal surface that extends between the two extremities.

The method 10 also comprises a step 14 of directing light reflected and scattered from
the internal surface of the hole to a lens assembly. The method 10 also comprises a
step 15 of imaging of the internal surface of the hole into a flat ring image. The flat
ring image shows full details of the internal surface of the hole. The method 10 also
comprises a step 16 of capturing and converting the flat ring image from optical to
digital form. The method 10 further comprises a step 18 of processing and inspecting

the flat ring image to thereby inspect the internal surface of the hole.
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N-LAF21 Firstlens 2 -6.0 0.4 5.4 Space 3 5.2 4.0 5.4 N-LAF21 Second
lens 4 -20.0 0.2 5.4 Space 55.7

In accordance with an exemplary embodiment of the invention, an apparatus 100 for
inspection is described with reference to Fig. 2. The apparatus 100 comprises one or
more illuminating source 102 for directing an illuminating light beam 103 towards a
hole 104, which is cylindrical. The hole 104 is formed in an object 106, such as a
through hole in a manufactured product. In this embodiment of the invention,

illuminating sources 102 are used to direct light towards the hole 104.

The hole 104 has a first extremity 108, a second extremity 110 and an internal surface
112 that extends between the first and second extremities 108, 110. The first extremity
108 is closer to the apparatus 100 than the second extremity 110. The hole 104 is either
a through hole or a blind hole. The illuminating sources 102 are operated accordingly
to provide lighting to either the through hole or the blind hole.

The illuminating source 102 provides white, coloured or monochrome light for
illuminating the hole 104. Examples of the illuminating source 102 are fluorescence
light tubes and white, coloured, monochrome light emitting diodes (LEDs) or natural
light from the sun. If the hole 104 is a through hole, the illumination is preferably
directed as back lighting at the second extremity 110. On the other hand, if the hole
104 is a blind hole, the illumination is preferably directed at the first extremity 108.

The apparatus 100 also comprises a lens assembly 116. The illuminating light beam
103 is reflected and scattered from the internal surface 112 of the hole 104 of Fig. 2
towards the lens assembly 116  The lens assembly 116 is preferably positioned

immediately over the first extremity 108 of the hole 104.

Fig. 3 is a detailed diagram of the lens assembly 116 of Fig. 2. Fig. 3 also shows paths
of light rays 117 that pass through the lens assembly 116. More specifically, the lens
assembly 116 of Fig. 3 comprises a plurality of lenses, namely a first lens 118, a second
lens 120, a third lens 122, a fourth lens 124 and a fifth lens 126. Alternatively, the

plurality of lenses is replaceable by prisms for achieving similar optical effects.
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5.2 5.4 F-SILICA Third lens 6 -4.1 0.9 5.4 Space 7 -88.8 5.0 5.4 N-psk3
Fourth lens 8 -6.1 0.2 5.4 Space

Each of the first to fifth lenses 118, 120, 122, 124, 126 preferably is positioned along a
central axis 128 of the lens assembly 116. The central axis 128 preferably coincides

with the longitudinal axis of the hole 104 of Fig. 2.

An exemplary example of the design of the lens assembly is described hereinafter. The
specific dimensions of each of the first to fifth lenses 118, 120, 122, 124, 126 as well as

the configuration of the lens assembly 116 are provided in Table 1 below.

Surface Radius Thickness Diameter | Lens Type Note
(mm) (mm) (mm)
1 6.0 5.1 54 N-LAF21 First lens
2 -6.0 0.4 5.4 - Space
3 5.2 4.0 5.4 N-LAF21 Second lens
4 -20.0 0.2 5.4 - Space
5 5.7 5.2 5.4 F-SILICA Third lens
6 -4.1 0.9 5.4 - Space
7 -88.8 5.0 5.4 N-psk3 Fourth lens
8 -6.1 0.2 5.4 - Space
9 inf 4.0 0.6 - Aperture
10 14.5 1.5 6.0 N-SF11 Fifth lens
11 3.8 4.0 6.0 N-LAK34 Fifth lens
12 -10.5 8.8 6.0 - Space
TABLE 1

The lens assembly 116 is configurable for inspecting holes with a large dimensional
range, such as holes with diameters ranging from 8 mm to 16 mm with depths ranging
from 8 mm to 16 mm. In this exemplary of embodiment of the invention, the effective
focal length of the lens assembly 116 is approximately 5.7 mm. The lens assembly 116
is capable of providing high quality image of the internal surface 112 of the hole 104.

The lens assembly 116 has a cylindrical field of view as well as a cylindrical depth of
view that extends at least between the two extremities 108, 110 of the hole 104. The
lens assembly 116 images the internal surface 112 of the cylindrical hole 104 into a flat

ring image 134.
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9inf4.0 0.6 Aperture 10 14.5 1.5 6.0 N-SF11 Fifth lens 11 3.8 4.0 6.0
N-LAK34 Fifth lens 12 -10.5 8.8 6.0

With reference to Figs. 2 and 3, the apparatus 100 further comprises an image-
capturing device 130, such as a camera, for capturing the flat ring image 134. The
image-capturing device 130 is positioned along the central axis 128 of the lens
assembly 116. An image sensor (not shown) of the image-capturing device 130 is
positioned on an image plane 132 of the lens assembly 116. The ring image 134 of the
internal surface 112 of the hole 104 between the two extremities 108, 110 is formed on
the image plane 132. In particular, the internal surface 112 of the hole 104 between the
two extremities 108, 110 is substantially in-focus along the flat ring image 134 on the

image plane 132.

The apparatus 100 is preferably connected to a computer (not shown) for image
processing and for displaying the ring image 134 of the internal surface 112. For
example, Fig. 4 shows a resultant image that is displayed on a displaying means (not
shown) of the computer, such as a monitor, which shows a through-hole captured by
the apparatus 100. More specifically, the resultant image depicts a focused ring image
of the internal surface 112 of the hole 104 having defects 300 or scratches thereon.

In a further example, Fig. 5 shows another resultant image of a through-hole with screw
nut threads as displayed on the displaying means. More specifically, some of the screw
nut threads are shown clearly to have defective portions 400. The apparatus 100 is
advantageously capable of identifying such defective portions 400 accurately and

within a short period of time.

Inspection of the internal surface 112 of the hole 104 is preferably conducted by an
image processing unit (not shown) using a software application. The image processing
unit detects features such as screw nut threads on the surface of the hole and identifies
and detects defects of the features. An indication is preferably shown on the displaying
means for indicating the presence of the defects detected on the internal surface of the
hole 104.

Additionally, the apparatus 100 is capable of determining the pitch p; of internal threads
formed on the internal surface 112 of the hole 104 through image processing of the flat
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Space 10TABLE 1 The lens assembly 116 is configurable for inspecting
holes with a large dimensional range, such as holes with diameters
ranging from 8 mm to 16 mm with depths ranging from 8 mm to 16 mm. In
this exemplary of embodiment of the invention, the effective 15focal length
of the lens assembly 116 is approximaitgly 5.7 mm. The lens assembly
116 is capable of providing high quality image of the internal surface 112
of the hole 104. The lens assembly 116 has a cylindrical field of view as

mliw@ecmmafiEég-ofeptn pariewasheRtishds af itesnaldheasts ‘ﬂﬁ@ theradius R;
GRS L08 &&Qegggﬂ%m%%%teﬂ% gRlens a558Mala o dnRgPEre related

the internal surface 112 of the cylindrical hole 104 into a flat ring image
ap3oll®wyith reference to Figs. 2 and 3, the apparatus 100 further
comprises an image-capturing device 130, such as a camera, for

capturing the flat ring iggag:% 134. The imEgg-&apturi g device 130 is
positioned alopigﬁqu akis 128 ' s%bmbly 116. An image
sensor (not shown) kot &imdYeaptlirii BeviBe) 130 is 5 positioned on

an image plane 132 of the lens assembly 116. The ring image 134 of the

witered sulfarel 1k2 aktbenstiets 04 Betheerontbertowb spitae thittadsl i niktiOon the
is formed on the, ane . articular, the integnal surface 112 of
e ST g TR I A o A s iy S Al Seagian the
fdonndhimélgd 134 aloag éhd 3dda diectioage plane 132. 10 The apparatus

100 is preferably connected to a computer (not shown) for image

processing and for displaying the ring image 134 of the internal surface
THRafaraai(ias Figthérstepalsl @ oEsivact ng dgke ttsadnshdrep fagisdbmnding wires
displaying means (not shown) of.the computer, such as a monitor, which
R e Lo e BRI T8 SRR A B A v
itite thsditdehDivaeye oefhietsppdatusadlrifoy inspgetiaftte iftegunhgdants, similar

112 of th Ela le 10 ving defects 300 or scratches thereon. In a further
t8>](t§ﬁ1r|:r)] etﬁ & ﬁo"lgf:%\c/)vse g‘r%ﬁﬁe'? Pesultant image of a through-hole with

screw
In the foregoing manner, an apparatus and a method for hole inspection are described
according to an exemplary embodiment of the invention for addressing the foregoing
disadvantages of conventional method of performing inspection. Although only a few
embodiments of the invention is disclosed, it will be apparent to one skilled in the art in
view of this disclosure that numerous changes and/or modification can be made to cater
to a wider range of hole sizes and heights without departing from the scope and spirit of

the invention.
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nut threads as displayed on the displaying means. More specifically, some
of the screw 20 nut threads are shown clearly to have defective portions
400. The apparatus 100 is advantageously capable of identifying such
defective portions 400 accurately and within a short period of time.
Inspection of the internal surface 112 @j the hole 104 is preferably
conducted by an 25 image processing unit (not shown) using a software
application. The image processing unit detects features such as screw nut
Clpireads on the surface of the hole and identifies and detects defects of the
1. featuﬁ?n‘@ﬁe'&ﬂiﬁﬁﬂ%éﬁ QB%EFMshown on the displaying means for
indicating the presence of the defeCts detected on the internal surface of
the hole 104ed0N DAY ymEHENBUIH toyvasdsm paledadnahe prstigises and
intern ieeRe AR adamin Boal At st iiRhmgesponds to the

internal threads at any radial direction are related as follows: Ro - RiRo -
R, k + b(RECRiving Mgt refloprsandscasteisd kreetbehdiemed sugfaprby a lens

”Uml&‘é‘éeﬁ’ﬁ ﬁ%rﬁ#éhé‘ﬁédoésfé?ﬂﬁl?dd%ﬁ\ HRRiHY S RRLBHEREE kiS QE%@%‘%W ng a

R, and R,,/ are radii of the spiral threads on thé flat ring image 1

ann@MH@dﬁ%[ftﬁWe@ﬁdﬁeWCﬁsr H@'ééﬁ)érﬁm@qmﬂéiﬂmhéf E'ﬁ!ﬂaﬁ]ét&%tends at
inspaeladagiestsinRend radRikutdina siges or interface therebetween

of a semiconductor die. The semiconductor die is brought into the field of

view of théngshagahisinsonmlsiHépecahiheneote idlbmflaldferds BahirprBcally
the n&%ﬂ]g&ag@tgqhgqlﬁemgpgﬁq% derha Hggqaeforegomg manner, an

apparatus and a method for hole inspection are described according to an

exemplanCapHBbHininilat tRagsventisn i arldredansgrihibedielgorgan image
disadyjaniagrsrrt rARyeolienalietars AhBeHary abinsRaEHoM-PEDOUMR

only a few embodiments of the invention is disclosed, it will be apparent to
one skilledMREERE AFIRISPRAESSHIINIS BREERSEARIC IR M8 dlas HRapged the

and/qrigingliiicafien &ﬁh@ﬁdl‘é%@ﬁ&r&ﬂl@ﬁstﬁb&‘fﬂg@fﬁté@ﬁ‘ﬂ%lﬂﬁ&é‘%ﬂﬁ@ﬁoIe
and heights without departing from the scope and spirit of the invention.

10 Claims 1. An inspection method comprising:  directing an illuminating

2.light W&ﬁ%ﬁ@ch@ﬂ\eﬂﬁ@mwé&vﬁ]%&r ﬁﬂt'%@@rﬁw%ﬁﬁ@éﬁqff@%atmg light
extending between the two extremities; Sreceiving light reflected and

scatt@?éH‘fr@rWacH@|ﬁtﬂérml%u?%’d8%9véole‘ﬁ§rem'“es and the internal surface

extending between the two extremities comprises directing the illuminating

light towards one of the two extremities.

3. The inspection method as in claim 1, further comprising providing another

illuminating light towards the hole.

4, The inspection method as in claim 1, wherein directing an illuminating light

beam comprises directing one of white, coloured and monochrome light.

5. The inspection method as in claim 4, wherein receiving light beam reflected
from the internal surface by the lens assembly comprises receiving the light
beam through the plurality of lens elements for imaging the internal surface of

the hole into a flat ring image, the flat ring image being substantially in-focus.
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assembly, the lens assembly comprising a plurality of lens elements
having a cylindrical field of view as well as a cylindrical depth of field that
extends at least between the two extremities of the hole; imaging
the internal surface of the hole into a flat image that is optically
10conjugate to the internal surface ofthe hole; capturing the flat image
of the internal surface of the hole on an image plane, the flat image of the
internal surface being substantially in-focus; and  wherein image

6. procdd¥irgsRepléeromaEIse asingleien fatvheseie sfogivinadhadiclilaae girough

the hgle DRSSPI ARCLiBmAAErRBhTHREC ALIBAIC el BiRrdifE o fens

inspection method as in claim 1, wherein directing an ifluminating light

beant RIRNG IR 1Ol @H @ FiRg RNt faEiessan B e Baaiataxes of the
exteryjpg between the two extremities comprises directing the illuminating
light towards one of the two extremities. 20 3. The inspection method as in
claim 1, further comprising providing another illuminating light towards the

hole.theTigoRSRECHREINGFAS R @sith f,'mﬂeiwbé‘%%%([gmigalg@mndof the flat

illuminating light 25beam comprises directing one of white, coloured and
mondBtagshie Ihgredy. InsReshirettiomaheurbgasithelarte £0mpeissmdisplaying

receiyiagiipimARAm sediesiad fomeihs internal surface by the lens

assembly comprises receiving the light beam through the plurality of lens
elements for imaging the internal surface of 30the hole into a flat ring

8.Imagenthg{iahEtitch MagroBe Ry sURSRRIAY iprieguomprRindSroviding an

inspection method as in claim 5, wherein receiving the light beam throug

the plOFRY BT RhE8IERIMENO MpRse idpRsRIPhEe|MeRalRyIBTaeisdetected

elemgpigalang AN UGy coincides with the longitudinal axis of
the hole. 5 7. The inspection method as in claim 1, wherein performing

inspection of the flat image to thereby inspect the internal surface of the

9.hole sampisRstRisNIRiNg the HRtIMR0E APnarBisRMBEREAMSpdART RS the

inspection method as in claim 7, further comprising providing an indication

on thE"885I1d9inEern sINERsShaibat dHeEIRke SUWdasE felths etebPdd SRMHUIsES

internptswiiarg adhritrler e Hageinspection method as in claim 1,
wherein performing inspection of the 15image to thereby inspect the

internal surface of the hole comprises determining the depth of the hole.

10.  The inspection method as in claim 1, wherein performing inspection of the

image to thereby inspect the internal surface of the hole comprises
determining the pitch of internal threads formed on the internal surface of the

hole.

11.  Aninspection apparatus comprising:

an illuminator for directing an illuminating light towards a hole having
two extremities and an internal surface extending between the two extremities;

a lens assembly for receiving light reflected and scattered from the
internal surface and for imaging the internal surface of the hole into a flat
image that is optically conjugate to the internal surface of the hole, the lens
assembly comprising a plurality of lens elements and having a cylindrical field
of view and a cylindrical depth of field extending at least between the two

extremities of the hole;
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10. The inspection method as in claim 1, wherein performing inspection of
the image to thereby inspect the internal surface of the hole comprises
20determining the pitch of internal threads formed on the internal surface
of the hole. 11. An inspection apparatus comprising: an illuminator for
directing an illuminating light towards gphole having 25two extremities and
an internal surface extending between the two extremities; alens
assembly for receiving light reflected and scattered from the internal

surface arfd) finagfagaRtUIRYiciRYical Firkeptuainthéhrdilairmagdiaf iagdaternal
that is, opeRlY OMHAERIR 4R 'lﬁe'%%‘iﬂ?éosﬂgﬁf?ﬁaaé BramelfetAs'§H¥ace being

assembly comprising a plurality of lens elements and having a cylindrical
field Sdutaneallxra-foeysindittal depth of field extending at least between

the two extrgy %El%%d?ff&eé@?%mﬁﬁ i 'é“ﬁr%%é%@ﬂfé”&ﬁgtl‘?@‘fl%ﬁf%ge of the

capturing the flat image of the intefnal surface on an ima ane, the
captuﬂé@mﬁit%f@gét@ftﬂ%emténsm@dhaw%amglgmaﬁgaﬂ gQiﬁ-focus and
a processor for performing image processing of the flat image of the
Sinternal surface to thereby inspect the internal surface of the hole.

1212 THEGESEHMNRMAALUS 8% i elaiih 11, WhrspdntheeilIminwiesrdiipstaghe
the iliuminalied GO RNAIYE BRSdHHAG N RXFRMIESS %é'ﬂ%l@o'e

1013.The inspection apparatus as in claim 11, wherein a second
illuminator directs an illuminating light towards the other of the one of the

13WO0 e Ries AR APARUSIAs ihNQdIEPECHPReARRA SRS lIL Rt Birects

further comprising another 15illuminator for illuminating light towards the
hole. a5 RUNR4RE HEbA tapREdathe a8ah efdite ane AhdrtWeriRIRifiatRighe
light isopne of white, coloured and monochrome generated by the
illuminator. 2016.The inspection apparatus as in claim 11, wherein the
illuminating light is

14.  The inspection apparatus as in claim 11, further comprising another

illuminator for illuminating light towards the hole.

15.  The inspection apparatus as in claim 11, wherein the illuminating light is one

of white, coloured and monochrome generated by the illuminator.

16.  The inspection apparatus as in claim 11, wherein the illuminating light is

natural light from the sun.

17.  The inspection apparatus as in claim 11, wherein the lens assembly comprises
the plurality of lens elements configured for imaging the internal surface of the
hole into a flat ring image.

18.  The inspection apparatus as in claim 17, wherein the plurality of lens elements
is disposed along an axis substantially coincides with the longitudinal axis of
the hole.

19.  The inspection apparatus as in claim 11, wherein the image capturing device is

coupled to a displaying means for displaying the image.
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natural light from the sun. 17. The inspection apparatus as in claim 11,
wherein the lens assembly comprises the plurality of lens elements
configured for imaging the internal surface of the 25hole into a flat ring
image. 18. The inspection apparatus as in claim 17, wherein the plurality
of lens elements is disposed along amgxis substantially coincides with the
longitudinal axis of the hole. 30 13 The inspection apparatus as in claim
19, wherein the image capturing device is disposed adjacent to the lens
assembly for capturing the flat image. The inspection apparatus as in

acFlaimphL iNRBERTh B INAER REGTERIIAG YAHRRAR G WRIELIPRSRg device is

corresponding to the internal surface of the hole. The inspection

appafiipesed adjaremh i theieasassentd ity e Jroessihg flaiiraegermines

the depth of the hole. The inspection apparatus as in claim 21, wherein

the image processing unit determines the pitch of internal threads formed
21on thEhAtBRACHGFARPYREHE Aold. GiRENNLhedtiersibparkinageasieresainy unit

11, Tynhise APPSO AR tifiesionding RymRihrmile sisRiay A RERNS.

the indicator for indicating defects detécted on the internal surface of the
hole.

22.  The inspection apparatus as in claim 21, wherein the image processing unit
determines the depth of the hole.

23. The inspection apparatus as in claim 21, wherein the image processing unit
determines the pitch of internal threads formed on the internal surface of the

hole.

24. The inspection apparatus as in claim 11, further comprising an indicator
displayable on the displaying means, the indicator for indicating defects

detected on the internal surface of the hole.





